Background: The use of out-of-hospital emergency medical services by old and very old individuals is increasing. These patients frequently require complex evaluation and decision-making processes to determine a strategy of care, therapeutic choices or withdrawal of care in life-threatening situations. During out-of-hospital missions, thorough decision-making is difficult because of the limited amount of time and lack of direct access to medical charts or to pre-existing advance directives. In this setting, age may be used as a proxy to determine strategy of care, therapeutic choices or withdrawal of care, particularly in relation to advanced medical interventions. We aimed to determine how an emergency physician's initiation of out-of-hospital advanced medical interventions varies with the patient's age. Methods: We performed a retrospective analysis of the missions conducted by the emergency physicians-staffed emergency medical services in a Swiss region. We used logistic regression analysis to determine whether the probability of receiving an advanced medical intervention was associated with the patient's age. Results: Among 21,922 out-of-hospital emergency adult missions requiring an emergency physician, the probability of receiving an advanced medical intervention decreased with age. It was highest among those aged 18 -58 years and significantly lower among those aged ≥ 89 years (OR = 0.66; 95 % CI: 0.53 -0.82). The probability of cardiopulmonary resuscitation attempts progressively decreased with age and was significantly lower for the three oldest age deciles (80 -83, 84 -88 and ≥ 89 years). Conclusion: The number of out-of-hospital advanced medical interventions significantly decreased for patients aged ≥ 89 years. It is unknown whether this lower rate of interventions was related only to age or to other medical characteristics of these patients, such as the number or severity of comorbidities. Thus, further studies are needed to confirm whether this observation corresponds to underuse of advanced medical interventions in very old patients.
Background
The number of out-of-hospital emergency medical services (EMS) missions is increasing for people ≥ 65 years [1] [2] [3] [4] [5] , reflecting population ageing and potential changes in patients' and caregivers' expectations, as well as structural changes in the health care system [5] . Older patients admitted to emergency departments (ED) are usually transported by ambulance and present with more serious situations than younger patients do, with a higher risk of mortality [1, 4, 6] . However, it is uncertain whether age is an independent factor influencing survival and functional status after specific acute conditions, such as out-ofhospital cardiac arrest. It has indeed been shown that age is a weak and inconstant predictor of survival rate [7, 8] . Moreover, studies have reported that the functional status of the survivors of an out-of-hospital cardiac arrest depended more on other factors, including comorbidities, a non-cardiac origin, or the presence of pre-existing dementia or functional dependency [7, 9] . Although most of these factors are associated with age, age did not appear to be an independent risk factor of poor prognosis [9] . Comorbidities, quality of life, and patients' expectations were better predictors of outcome [10, 11] .
During EMS missions, thorough decision-making is difficult because of the limited amount of time and the lack of direct access to medical charts or to pre-existing advance directives [12] . In this setting, age is still commonly used as a proxy to determine strategy of care, therapeutic choices or withdrawal of care [13] . In lifethreatening conditions, dementia, age, and patients' and relatives' willingness for the patient to undergo advanced medical interventions (ADMI), along with the number of available hospital beds, are among the most important determinants in a clinician's decision to admit a patient to the intensive care unit [14] . Other studies have pointed towards additional factors, such as functional dependence, an underlying incurable disease or limited life expectancy [14, 15] .
In the present study, we evaluated whether the probability of receiving ADMI in a EP-staffed EMS varies with age in out-of-hospital emergency situations.
Methods

Study design and setting
This retrospective analysis was based on data routinely collected for each emergency physicians-staffed out-ofhospital EMS mission performed from 2005 to 2013 in the Canton of Vaud, Western Switzerland (~750,000 inhabitants at the end of 2013). In this region, a unique emergency dispatch centre coordinates the EMS. Staffed by trained nurses or paramedics, the centre uses a specific keyword-based dispatch protocol in which the patient's age is not included. Trained paramedics constitute the initial response of the out-of-hospital EMS. Out-of-hospital emergency physicians (EP) may be dispatched in the case of life-threatening emergencies or at the request of the paramedics. EP missions may be cancelled by paramedics when they arrive on site first and face a non-emergency situation.
Study population
We included all missions for adult patients with a National Advisory Committee for Aeronautics (NACA) score of ≥ 4 ( Fig. 1) , who received care during a EP-staffed EMS intervention [16] . Missions including patients who were considered dead on EP arrival and those cancelled by paramedics were excluded.
Database, outcomes and exposures
For each EMS mission, a standardized medical report was collected in a central anonymous data registry, as previously described [2] . These data sets included Utstein variables for uniform reporting of cardiac arrest, and they were in accordance with the Utstein recommended data set for major trauma and with the Uniform Pre-Hospital Emergency Medical Services Data Conference guidelines [17] [18] [19] . Out-of-hospital degree of case severity was estimated by using the NACA score [16] . The NACA score comprises seven categories, ranging from 0 (no injury or disease) to 7 (lethal injuries or diseases, with or without resuscitation attempts). NACA scores of ≥ 4 imply potential life-threatening conditions [16] .
ADMI were defined according to the out-of-hospital procedures and medical treatment performed on site or during transport to the hospital. ADMI included the following: cricothyroidotomy, endotracheal intubation, supraglottic device use, external chest compression (manual or with a mechanical device), defibrillation, electrical cardioversion, external pacing, intraosseous access, haemostatic "tourniquet" and pneumothorax needle decompression. Advanced medical treatments included adenosine, atropine, amiodarone, ephedrine, epinephrine, vasopressin, etomidate, flumazenil, naloxone, ketamine, succinylcholine and/or vecuronium. ADMI was considered as a binary variable, taking a value 1 if the patient received ≥ 1 invasive procedure or emergency treatment. Our outcome was defined as the probability of receiving ADMI.
Manual upper airway opening, bag and mask ventilation, Heimlich manoeuvre, oxygen, salbutamol aerosol, peripheral intravenous access, crystalloid infusion, compression bandage, standard cardiopulmonary monitoring, 12-lead electrocardiogram, and any oral or intravenous medication other than those mentioned earlier were considered standard interventions and thus accounted for non-ADMI.
We first investigated the probability of having any ADMI in the whole group of patients considered in this study. We were then interested in assessing this probability among two subgroups of patients. The first subgroup consisted of those patients who had an indication for intubation and/or invasive upper airway management, defined in our study as a Glasgow Coma Scale (GCS) score of 3/15 or the presence of head trauma with a GCS score of ≤ 8/15. ADMI assessed in that subgroup included endotracheal intubation, failure of endotracheal intubation, cricothyroidotomy, supraglottic devices and medications for rapid sequence induction of anaesthesia: etomidate, ketamine, succinylcholine, vecuronium.
The second subgroup of patients consisted of those who had a cardiac arrest and thus an indication for cardiopulmonary resuscitation. Patients in cardiac arrest were identified by a documented Utstein data set and/or an initial rhythm of ventricular fibrillation or pulseless tachycardia (VF/pVT), asystole or pulseless electrical activity (PEA), and/or an initial diagnosis of cardiac arrest. ADMI assessed in that subgroup included external chest compressions, defibrillation, epinephrine, amiodarone and/or vasopressin.
For all analyses, we considered the following independent variables: gender, diagnostic categories at 48 h (cardiovascular, trauma, pulmonary, neurologic, intoxication, psychiatric, obstetric, miscellaneous), site of EMS mission (patient's home, public place, nursing home, physician's office), time of the mission (day: 8:00-17:59, evening: 18:00-23:59, or night: 00:00-07:59) and destination decision (admitted to Lausanne University Hospital Emergency Department wards or shock room, admitted to another regional hospital, transferred to another region, transferred to the helicopter team, death on site, alive not transported). Initial vital parameters comprised heart rate (0-60/min, 61-100/min, >100/min), respiratory rate (0-8/min, 9-20/min, > 20/ min), SpO 2 (< 89 %, ≥ 89 %), systolic blood pressure (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) and the presence of cardiac arrest (yes/no). Age deciles, i.e., age groups accounting for 10 % of the whole population (18-37, 38-49, 50-58, 59-64, 65-70, 71-75, 76-79, 80-83, 84-88, ≥ 89 years) were considered in the bivariate and multivariate analyses.
For the subgroup analysis of patients in cardiac arrest, additional independent variables were considered: initial rhythm of the cardiac arrest (asystole, ventricular fibrillation or pulseless tachycardia, pulseless electrical activity); presumed origin of cardiac arrest (cardiac, not cardiac); witnessed by bystander, witnessed by the EMS team, or not witnessed; chest compressions by the witness or not; time of arrest to defibrillation < 8 min or > 8 min.
Statistical analysis
Bivariate analyses were performed to assess the association of age with outcomes. We determined whether the frequency of ADMI was associated with the patient's age, independently of other factors. ADMI was analysed as a dichotomous variable that took the values of 0 or 1, as described earlier. Missions recorded with at least one missing value in the variables used in the study were excluded. A logistic regression analysis was performed to assess the association of the outcome with age. We performed logistic regression models with a backward selection procedure to select the regressors to be included in the model. More specifically, we started with a saturated model that included all two-way interactions between the variable age (categorical) and each independent variable. A series of Wald tests were performed (using 5 % for type 1 error probability) to select the statistically significant interactions. The variable age was in turn tested. No adjustment for multiple testing was performed, as the study was descriptive [20] . The NACA score was not included in the model because it was assessed after the mission. For subgroup analyses, we could not start with the saturated model (i.e., to test all the interactions at the same time) because of the smaller sample size. Rather, we tested each interaction in turn and retained only the statistically significant interactions. The same modelling procedure was performed for the secondary outcome. Analyses were conducted by using STATA statistical software v.13.1 (STATA Corp., College Station, Texas, USA). The level of significance was a p value < 0.01.
Results
Between 2005 and 2013, a EP-staffed EMS was dispatched by the emergency dispatch centre in 58,010 situations. Of these, 21,922 cases were available for analyses (Fig. 1) .
The most frequent diagnoses were cardiovascular (50 % of cases), neurologic (13 %) and pulmonary (12 %) conditions (Table 1 ). Only 13 % of the patients aged 18-37 years had a cardiovascular diagnosis, whereas it constituted the majority (58 %) of the situations in patients aged 76 years and over. Inversely, the proportion of trauma diagnoses was largest in the younger age groups and smallest in the older age groups. The probability of a mission at home or in nursing homes increased progressively with advancing age, whereas trauma requiring an EP decreased with advancing age.
The probability of having an ADMI decreased with age (Table 2) Among the subgroup of patients in cardiac arrest (n = 1,680), the probability of cardiopulmonary resuscitation attempts decreased progressively with age. For the three oldest age deciles (80-83, 84-88 and ≥ 89 years), the probability of having cardiopulmonary resuscitation was significantly lower (Fig. 2) . Among patients who were candidates for advanced airway control (n = 2,997), the probability of being intubated did not vary significantly by age decile except for patients aged 89 years and over (OR = 0.5; 95 % CI: 0.3-0.8) (Fig. 2) .
Discussion
In this study, we showed that the rate of ADMI performed during EP-staffed EMS missions varied significantly with age. ADMI probability, whatever the procedure or treatment, was the highest in patients aged 58 years and younger, slightly lower between ages 59 and 88, and significantly lower for patients aged 89 and over. In patients with a cardiac arrest, a decrease in resuscitation procedures was also observed in patients aged 80 and over. Half of the situations requiring an EP-staffed EMS mission were related to cardiovascular problems. For patients ≥ 80 years, cardiovascular diagnoses constituted the majority of the missions, whereas they involved only 13 % of the diagnoses observed in the group who were 18-37 years old.
Variations observed across age groups suggest the hypothesis that age might play a role in medical decision-making to initiate ADMI or not in out-ofhospital emergency situations, at least in the surveyed region. According to previous studies, decreases in ADMI, particularly in patients aged 80 and over, may indicate that these interventions could be considered as increasingly futile with advancing age [2] . Previous studies have illustrated similar biphasic response curves, with a progressive increase in emergency procedures such as airway management to a maximum between 50 and 70 years, followed by a decrease from 70 or 80 years [7] . This inflection point may illustrate the subjective and individual feeling of EMS providers, including EP, that patients are becoming "too old to benefit" from ADMI. This inflection point may vary across communities, depending on the "age" of the population and the experiences and skills of EMS providers. Nevertheless, we cannot exclude the possibility that in our study, age might have been acting only as a "surrogate marker" of frailty and severe comorbidities.
In accordance with previous studies, [2, 21] cardiovascular problems were the most frequent diagnoses observed in out-of-hospital EP missions, followed by respiratory and neurological emergencies. Previous studies have demonstrated that older patients with acute ischaemic cardiac diseases were less likely to benefit from cardiac catheterization or other invasive procedures [22] [23] [24] . In our study, in patients who sustained a cardiac arrest, the probability of cardiopulmonary resuscitation progressively decreased with age, particularly after 80 years. Again, our data do not allow for a direct analysis of the comorbidities of the patients and age may thus be an indirect indicator of illness, dependency or frailty, not identified in our study, but possibly evaluated by the out-of-hospital emergency team on site. Some studies have tended, nevertheless, to indicate that in time-sensitive emergencies such as cardiac arrest situations, the limited amount of time available for evaluation more frequently led to decisions being made that were based on simple characteristics such as age [25] .
Wong et al. [26] observed the way in which the incidence of out-of-hospital cardiac arrest and survival evolved between 2002 and 2010. Among their main observations, they noted an improvement in survival in younger patients and a decrease in survival in older patients. These authors suggested that this finding may be accounted for by differences in terms of treatment aggressiveness for different age groups, as well as greater physiological reserve to tolerate periods of hypoperfusion among younger patients. The decrease in the rate of shockable rhythm with age at initial presentation should also be taken into account [27] .
Limitations and strengths
This study is subject to several limitations. Some important variables related to past medical illnesses, comorbidities and the clinical state of the patient were not collected Adjusted for gender, cardiac arrest, categories of diagnosis, Glasgow Coma Scale, heart rate, respiratory rate, systolic blood pressure EP: emergency physician Level of significance: p < 0.01 and could therefore not be considered for analysis. Moreover, detailed information about the will of the patient (or relatives or proxies) about ADMI or the presence of advance directives were not documented, which potentially restricted the interpretation of the results. In terms of generalizability, the results may apply to other Western European countries with similar EP-staffed EMS, but cannot be generalized to other countries because of the differences in EMS models. Strengths were the large sample size and the exhaustive data on EMS use and on-site interventions.
Conclusion
The medical decision to initiate ADMI in out-of-hospital emergency situations varied with age and decreased in older patients, particularly in those ≥ 89 years. This finding warrants further analysis of the decision-making processes in the context of out-of-hospital emergencies for older patients. Further quantitative and qualitative studies are needed to investigate whether this observation corresponds to underuse of ADMI in very old patients.
